A recent mathematical model (Freter et al., Infect. Immun. 39:686-703, 1983) provided a plausible simulation of both the mouse gut and continuous-flow mixed cultures. We show here that in certain circumstances Freter's equations are soluble, giving simple formulae that can be applied to particular problems without resort to computers or numerical simulation.
Early models of continuous-flow mixed cultures in vivo or in vitro attempted to explain the observed diversity of intestinal flora by postulating that each strain multiplied at a rate that depended on its own growth-limiting nutrient for which it did not compete with any other strains, even if these were closely related (3, 5) . The models failed to provide any explanation for the apparently bistable behavior of such systems, in that a strain capable of persisting indefinitely in the systems (if introduced before the normal flora) was nevertheless incapable of initiating colonization after the arrival of the normal flora (1, 4, 5) . Freter and colleagues (1) showed how two strains that compete for the same nutrient may nevertheless coexist indefinitely in the intestinal lumen if at least one of them has specific attachment sites for which it does not have to compete, located in, for example, the wall of the intestine. The model also showed how a strain capable of permanent colonization (the invader) may be almost incapable of initiating colonization in the presence of normal flora (the residents).
Unfortunately, Freter' 
We now assume that, during the initial elimination of the bulk of the invaders from the system, the substrate concen200 NOTES The chart can also be drawn in terms of KS(,) instead of Jji to be more directly comparable with the numerical methods of Freter and colleagues (1) , but in this form, the chart is less easy to use because one of the lines is curved.
We also summarize the main quantitative predictions of the steady state finally attained by the graph shown in Fig. 2 . Whereas Fig. 1 is valid for any values of the constants that define the model, it should be understood that Fig. 2 In the Appendix, it is also seen that, in addition to the lower limit of Vpi compatible with stable colonization, as expressed in inequality 15 above, there is also an upper limit, i.e., 4,i = p, beyond which the invader strain will outgrow and displace the resident strain.
Finally, we summarize the qualitative implications of the model by means of a critical-conditions chart rather analogous to a phase diagram, in which the five different areas represent five different sets of constants with five different predicted outcomes of an experiment in colonization (Fig.  1) . The chart illustrates, for example, the prediction that persistence of colonization will depend only on the growth rate relative to the detachment rate, whereas initiation of colonization will depend on both the growth rate and the size of the initial inoculum. It can also be seen that initiation of colonization will be facilitated by large values of attachment rate constant a, by large numbers, A, of attachment sites, and 
